Diminished GABAergic and glycinergic inhibition in the spinal dorsal horn contributes significantly to chronic pain of different origins. Accordingly, pharmacological facilitation of GABAergic inhibition by spinal benzodiazepines (BDZs) has been shown to reverse pathological pain in animals as well as in human patients. Previous studies in GABA A receptor point-mutated mice have demonstrated that the spinal anti-hyperalgesic effect of classical BDZs is mainly mediated by GABA A receptors containing the a2 subunit (a2-GABA A receptors), while a1-GABA A receptors, which mediate the sedative effects, do not contribute. Here, we investigated the potential analgesic profile of HZ166, a new partial BDZ-site agonist with preferential activity at a2and a3-GABA A receptors. HZ166 showed a dose-dependent antihyperalgesic effect in mouse models of neuropathic and inflammatory pain, triggered by chronic constriction injury (CCI) of the sciatic nerve and by subcutaneous injection of the yeast extract zymosan A, respectively. This antihyperalgesic activity was antagonized by flumazenil and hence mediated via the BDZ-binding site of GABA A receptors. A central site of action of HZ166 was consistent with its pharmacokinetics in the CNS. When non-sedative doses of HZ166 and gabapentin, a drug widely used in the clinical management of neuropathic pain, were compared, the efficacies of both drugs against CCI-induced pain were similar. At doses producing already maximal antihyperalgesia, HZ166 was devoid of sedation and motor impairment, and showed no loss of analgesic activity during a 9-day chronic treatment period (i.e. no tolerance development). These findings provide further evidence that compounds selective for a2and a3-GABA A receptors might constitute a novel class of analgesics suitable for the treatment of chronic pain.
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Introduction
Diminished pain control by glycinergic and GABAergic neurons in the spinal cord is a major contributing factor to chronic pain of inflammatory and neuropathic origin (Zeilhofer, 2008) . Restoring synaptic inhibition should therefore be a rational strategy for the treatment of such conditions. Previous work from different groups has shown that local spinal (intrathecal) or systemic application of BDZ-site agonists alleviates inflammatory or neuropathic pain in animals (Knabl et al., 2008 (Knabl et al., , 2009 Kontinen and Dickenson, 2000) , and labor pain in human patients (Tucker et al., 2004) . However, the wide-spread expression of GABA A receptors throughout the CNS and various central side effects including sedation, memory impairment, and addiction strictly limit or even preclude the use of classical BDZs in chronic pain patients.
Advances in our understanding of the molecular diversity of GABA A receptors have raised hopes that a separation of desired and undesired actions of classical BDZs could become possible through the development of subtype-selective or partial BDZ-site agonists (Munro et al., 2009; Zeilhofer et al., 2009a Zeilhofer et al., , 2009b . BDZ-sensitive GABA A receptors contain at least one of the following a subunits a1, a2, a3 or a5, together with a b subunit and a g2 subunit in a 2:2:1 stoichiometry (Barnard, 2001; Barnard et al., 1998) . Work in GABA A receptor point-mutated mice, in which the different subtypes of a subunits have been rendered diazepam-insensitive, has shown that the sedative action of BDZs is mediated by GABA A receptors containing an a1 subunit (a1-GABA A receptor) (Rudolph et al., 1999) , whereas a2-GABA A receptors were found to be responsible for the anxiolytic properties of classical BDZs (Löw et al., 2000) . Using these GABA A receptor point-mutated mice, we could recently demonstrate that a2or a3-GABA A receptors are largely responsible for the spinal antihyperalgesic actions of classical BDZs, while a1-GABA A receptors do not contribute (Knabl et al., 2008) .
Conversely, pronounced analgesia against formalin-induced pain has also been observed after systemic treatment with diazepam in a1-GABA A receptor point-mutated mice, which are protected from the sedative effects of diazepam. These results suggest that a1 sparing (non-sedative) BDZ-site agonists should exert a genuine analgesic effect after systemic treatment (Knabl et al., 2009) .
In rats, we have previously tested such a non-sedative BDZ-site ligand, L-838,417, which has been developed in the quest for nonsedative anxiolytics (McKernan et al., 2000) . L-838,417 showed good antihyperalgesic activity in a rat neuropathic pain model without losing efficacy after repeated treatment (Knabl et al., 2008) . However, this compound possesses poor pharmacokinetics in mice with very low bioavailability and very short half-life (Scott-Stevens et al., 2005) . Recently, a class of novel 8-substituted triazolo-and imidazobenzodiazepines has been synthesized with the aim to develop novel anticonvulsant BDZ-site ligands with a better side effect profile (Rivas et al., 2009) . One of these compounds (HZ166, ligand 2 in Rivas et al., 2009 ) is a partial BDZ-site agonist with preferential activity at a2and a3-GABA A receptors and reduced sedative properties. It exhibits good anticonvulsive activity at non-sedative doses with minimal toxicity. Here, we have evaluated potential antihyperalgesic effects of HZ166 in mouse models of neuropathic and inflammatory pain, and compared these effects with those of gabapentin, a drug frequently used in neuropathic pain patients.
Materials and methods

Drugs
HZ166 was synthesized as described previously (Cook et al., 2006) . Flumazenil was purchased from Tocris Bioscience. For i.p. injection HZ166, flumazenil and gabapentin (Neurontin Ò ) were-suspended in 0.5% methyl cellulose and 0.9% NaCl and administered in a total volume of 10 ml/kg body weight.
Preparation of crude brain and spinal cord membranes
Following decapitation of male C57BL/6 mice (25e30 g), brain and spinal cord were rapidly removed, frozen on dry ice and stored at À80 C. For preparation of crude membranes, the tissue was thawed and homogenized in 10 volumes of 10 mM Tris pH 7.4, 150 mM NaCl, protease inhibitor cocktail (complete Mini, Roche Applied Science). After centrifugation at 1000 g for 10 min at 4 C the supernatant was carefully removed and centrifuged again for 20 min at 20,000 g at 4 C. The pellet containing the crude membranes was re-suspended in 10 mM TriseHCl pH 7.4, 100 mM KCl, protease inhibitor cocktail, washed once by centrifugation and re-suspension and subjected to the [ 3 H]flumazenil binding assay.
Cell culture
L(-tk) cell lines stably expressing either the a1b3g2, a2b3g2, a3b3g2 or a5b3g2 subunit combination were kindly provided by K. Wafford, Merk Sharp & Dohme. Cells were cultured in DMEM/10% FBS, and receptor expression was induced by addition of 1 mM dexamethasone (final concentration). Three to four days after induction of receptor expression, cells were harvested by scraping in PBS and stored at À80 C.
For [ 3 H]flumazenil binding, cells were thawed, re-suspended in 10 mM TriseHCl pH 7.4, 100 mM KCl, protease inhibitor cocktail and homogenized by sonication. After centrifugation at 100,000 g for 15 min at 4 C the pellet was re-suspended in buffer and used for radioligand binding.
[ 3 H]flumazenil binding assay
Aliquots of the crude membranes derived from brain and spinal cord (∼50 mg protein) or aliquots of homogenates prepared from L cells expressing the a1b3g2, a2b3g2, a3b3g2 or a5b3g2 subunit combination (∼200 mg protein) were incubated with increasing concentrations of HZ166 and 1.2 nM [ 3 H]flumazenil (87 Ci/mmol, PerkinElmer) in a total volume of 200 ml for 90 min on ice. The incubation was terminated by rapid vacuum filtration onto glass fiber filters and washed with icecold incubation buffer (10 mM TriseHCl pH 7.4, 100 mM KCl). Non-specific [ 3 H] flumazenil binding was determined using 10 mM clonazepam. Radioactivity retained on the filters was determined by liquid scintillation counting using a Tricarb 2500 liquid scintillation analyzer. Binding data were analyzed using the GraphPad Prism software (version 5.02, GraphPad Software, USA).
Pharmacokinetics of HZ166 in the brain
The concentrations of HZ166 were measured in the brain at 0.5, 1, 1.5, 2, 4, 8, and 24 h after intraperitoneal injection of HZ166 (48 mg/kg body weight) in CCI operated mice. Three mice were used for each time point. In these mice, mechanical sensitivity was measured for 5 min immediately preceding killing the mice.
Analytical method
Concentrations of HZ166 in brain tissue were determined using liquid chromatography coupled to an ion trap mass spectrometer equipped with an electrospray source (Esquire 3000, Bruker Daltonics, Billerica, MA, USA). Quantification was performed in MSeMS mode using the following transitions: 357.1/329.1 for HZ166 and 330.1/295.1 for midazolam-d4. Brains were weighted and homogenized in 2 ml of deionized water. The final volume was adjusted to 5 ml with water. 100 ml of internal standard (midazolam-d4, 500 ng/ml) were added to 1 ml brain homogenate samples, and extraction was performed using Oasis Ò HLB SPE columns. The samples were loaded and cartridges washed with 1 ml of formic acid 0.1%-acetonitrile (85e15 v/v). The cartridges were dried under vacuum. Compounds of interest were eluted with 1 ml of methanol. After evaporation, residues were reconstituted in 100 ml of formic acid 0.1%-acetonitrile (80e20 v/v) and 20 ml were injected onto the HPLC system. Separation was carried out in C18 XTerra Ò column (5 mm Â 2.1 mm Â 50 mm, Waters Company, USA). Along with the unknown samples, QC and standards samples, prepared using blank brain spiked with HZ166, covering the expected concentration range were processed.
In vivo studies
Behavioral experiments were performed in 7e12 weeks old male mice kept at a 12/12 h light/dark cycle with free access to food and water. Permission for the animal experiments has been obtained from the Veterinäramt des Kantons Zürich (ref. no. 121/2006 and 135/2009 ). All efforts were made to minimize animal suffering. In all behavioral tests, the observer was blinded to the drug treatment.
2.6.1. Pain tests 2.6.1.1. Neuropathic pain. HZ166 and gabapentin were analyzed in the chronic constriction injury (CCI) model. Unilateral constriction injury of the left sciatic nerve just proximal to the trifurcation was performed as described previously (Bennett and Xie, 1988; Hösl et al., 2006) . Anesthesia was induced and maintained by 2% isoflurane, combined with oxygen (30%). The sciatic nerve was exposed at the midthigh level proximal to the sciatic trifurcation by blunt dissection through the biceps femoris muscle. 5 AE 7 mm of nerve were freed of adhering tissue and three chromic gut ligatures (4/0) (Ethicon) were loosely put around the nerve with about 1 mm spacing. The ligatures were tied until they elicited a brief twitch in the hindlimb. The surgical wound was closed in layers. Heat hyperalgesia and mechanical sensitization were assessed 7e16 days after surgery.
2.6.1.2. Inflammatory pain. Inflammatory pain was studied in the zymosan A model (Depner et al., 2003; Meller and Gebhart, 1997) . 0.06 mg zymosan A (Sigma Chemicals) suspended in 20 ml 0.9% NaCl was injected subcutaneously into the plantar side of the left hindpaw. Mechanical sensitization was assessed 48 h after induction of inflammation.
2.6.1.3. Heat hyperalgesia. Paw withdrawal latencies upon exposure to a defined radiant heat stimulus were measured using a commercially available apparatus (Plantar Test, Ugo Basile, Comerio, Italy). 4e5 measurements were taken in each animal for every time point and averaged. Measurements of paw withdrawal latencies of the inflamed or injured paw and of the contralateral paw were made alternately.
2.6.1.4. Mechanical sensitization. Mechanical sensitivity was assessed with dynamic von Frey filaments (IITC, Woodland Hills, CA). 4e5 measurements were made for each time point and animal and averaged. Measurements of paw withdrawal thresholds of the injured paw and of the contralateral paw were made alternately.
Tolerance development
Possible development of tolerance against the antihyperalgesic effect of HZ166 was investigated in the CCI model. Starting from day 7 after CCI surgery, HZ166 at the dose of 16 mg/kg or vehicle were administered intraperitoneally once daily for 9 consecutive days. On day 10, each group (vehicle and HZ166) was subdivided in 2 subgroups: one received vehicle and the other HZ166 at the dose of 16 mg/kg. After the last injection, mechanical sensitivity was assessed for 3 h.
Motor impairment
A possible impairment of motor function was analyzed in the rotarod test. Mice were trained on the rotarod (diameter 3 cm, 2 rpm) with 2 different training sessions in 2 consecutive days. Animals capable of remaining on the rotarod in the absence of treatment for at least 2 min were selected for drug testing. On the test day, the latency to fall off the rod was recorded before and 60 min after treatment with vehicle, HZ166 or gabapentin.
Locomotor activity
Mice were tested during the light phase of the dayenight cycle. 60 min after the intraperitoneal administration of vehicle, gabapentin, or HZ166, mice were placed in individual circular enclosures (diameter 20 cm), equipped with 4 photocells. Motor activity expressed as the total number of photocell interruptions was recorded for 1 h.
Statistical analyses
Drug effects at time point t were expressed as percent maximum possible effect (%MPE) calculated from comparisons of paw withdrawal thresholds of the lesioned side obtained before surgery, and before and after drug treatment.
PWT before surgery À PWT before drug PWT t , paw withdrawal threshold at time point t.
To calculate areas under the curve (AUC), baseline (prior to drug treatment) paw withdrawal latencies/thresholds of the lesioned/inflamed paw on day 7 after nerve ligation or on day 2 after zymosan A injection were subtracted from all later withdrawal thresholds/latencies. ED 50 values were determined by fitting the experimental data to the Hill equation with a Hill coefficient (nH) ¼ 1. Unless otherwise indicated, statistical comparisons were made with one-way analysis of variance (ANOVA) followed by Scheffe's post hoc test. P values < 0.05 were considered significant.
Results
Affinity of HZ166 for native and recombinant GABA A receptors
The interaction between HZ166 and native GABA A receptors was analyzed by competition assays using [ 3 H]flumazenil as radioligand. HZ166 displayed a slightly but significantly higher affinity for GABA A receptors expressed in membranes derived from spinal cord (K i ¼ 189 AE 10 nM) than in membranes prepared from brain 1A ). Since a1 subunit containing receptors are expressed at higher levels in brain than in spinal cord this result may indicate a preference of HZ166 for GABA A receptors containing the a2, a3 and a5 subunit. Therefore, the affinity of HZ166 to individual GABA A receptor subtypes was determined using L cells stably expressing the subunit combinations a1b3g2, a2b3g2, a3b3g2 or a5b3g2. As expected, HZ166 displayed a statistically significant (p < 0.05, one-way ANOVA, Bonferroni posttest) higher affinity for receptors not containing the a1 subunit with a rank order of a5 (K i ¼ 140 AE 42 nM) > a2 (K i ¼ 269 AE 46 nM) > a1 (K i ¼ 382 AE 66 nM) (Fig. 1B) . The K i value of HZ166 for the a3b3g2 combination (185 AE 47 nM) was statistically significantly lower than the K i value observed for a1b3g2 but not different from those of a2b3g2 and a5b3g2.
Antihyperalgesic effects of HZ166 in neuropathic mice
Antihyperalgesic actions of HZ166 were evaluated in mice, which had undergone chronic constriction injury (CCI) surgery of the left sciatic nerve. Following surgery, operated mice developed progressive behavioral signs of mechanical sensitization (quantified as a decrease in the paw withdrawal threshold [PWT] in response to stimulation with von Frey filaments) and of thermal hyperalgesia (quantified as a decrease in the paw withdrawal latency [PWL] in response to a radiant heat stimulus). Mechanical PWTs and thermal PWLs decreased from 3.5 AE 0.04 g and 16.3 AE 1.2 s pre-surgery to 1.4 AE 0.02 g and 4.7 AE 0.53 s, respectively (mean AE SEM, n ¼ 6).
On day 7 after surgery, when sensitization of the ipsilateral paw had reached a plateau, HZ166 was administered i.p. and mechanical sensitivities of the ipsi-and contralateral paws were assessed for 4 h at 20 min intervals ( Fig. 2A) . HZ166 significantly increased ipsilateral PWTs in a dose-dependent manner with a maximum effect about 1 h after injection ( Fig. 2A) . PWTs of the contralateral paw were not affected. To quantify the analgesic effects of HZ166, the maximum possible effect (MPE) at 1 h after injection was calculated for each mouse. Statistically significant antihyperalgesic effects were obtained for doses !5 mg/kg. Data were fitted to the Hill equation and yielded an ED 50 of 5.3 AE 1.8 mg/kg and an E max of 66 AE 5% (Fig. 2B) .
For the dose of 48 mg/kg, we analyzed the concentrations of HZ166 in the brain and compared them with their antihyperalgesic effect in the CCI model over time (Fig. 2C ). After i.p. administration, HZ166 quickly appeared in the brain (t max 0.5 h), demonstrating rapid distribution and ready penetration of the bloodebrain barrier. Concentration profiles showed a fast initial elimination phase with an estimated a half-life of 0.39 h. A slower b-phase was then observed with an estimated apparent terminal half-life of 6.6 h.
After administration of a single dose, the initial estimated a half-life fitted well with the time course of the analgesic effect (Fig. 2C) .
The effect of systemic HZ166 against heat hyperalgesia was assessed in the plantar test (Fig. 2D ). Here, we tested a dose of 16 mg/kg, which was the lowest effective dose against mechanical hyperalgesia. HZ166 was administered 7 days after surgery, when the PWL of the CCI-lesioned ipsilateral paw (ipsi) was stable and significantly lower (pre-surgery) than that of the contralateral, non-lesioned paw. HZ166 significantly increased PWLs with a peak effect at 1 h after i.p. administration. The AUC calculated for the injured paw (4.33 AE 1.95 s,h; n ¼ 6) was significantly different from the vehicle (1.18 AE 0.89 s,h; n ¼ 6; P < 0.05, unpaired t-test).
Involvement of the BDZ-binding site
To verify that the antihyperalgesic effects of HZ166 came from its interaction with the BDZ-site of GABA A receptors, we tested the effect of flumazenil, a competitive BDZ-site antagonist (Fig. 3) . Flumazenil (10 mg/kg, i.p., compare Knabl et al., 2009 ) almost completely reversed the antihyperalgesic effect of HZ166 (16 mg/ kg). The AUC calculated in flumazenil treated mice (0.54 AE 0.25 g,h; n ¼ 6) was different from that of vehicle-treated mice (1.90 AE 0.29 g,h; n ¼ 6; P < 0.01, unpaired t-test).
Antihyperalgesic effect of HZ166 in the zymosan a model of inflammatory pain
Zymosan A injected subcutaneously into the plantar side of the left hindpaw at a dose of 0.06 mg in 20 ml induced a local inflammatory reaction accompanied by swelling of the paw and thermal and mechanical sensitization. 48 h after injection of zymosan A, HZ166 (16 mg/kg) or vehicle were given i.p. and mechanical PWTs were assessed for 3 h (Fig. 4) . The AUC determined in HZ166 treated mice (1.55 AE 0.21 g,h; n ¼ 6 mice) was significantly different from that of vehicle-treated mice (0.38 AE 0.08 g,h; n ¼ 6; P < 0.01, unpaired t-test).
Comparison of the antihyperalgesic effects of HZ166 and gabapentin
We next determined the antihyperalgesic effects of gabapentin, a drug routinely used in the clinical treatment of neuropathic pain, in the CCI model to compare them with those of HZ166 (Fig. 5) . Gabapentin was injected i.p. at doses of 3, 10, 30 and 90 mg/kg and mechanical PWTs were measured for 3 h after application. Gabapentin caused a dose-dependent reversal of mechanical hypersensitivity. Gabapentin evoked antihyperalgesia with an ED 50 of 6.2 AE 0.4 mg/kg which was similar to the ED 50 determined for HZ166 (5.3 AE 1.8 mg/kg). The maximum antihyperalgesic effect (E max ) of gabapentin was higher than that of HZ166 (E max ¼ 84 AE 1.4% and 66 AE 5.0% for gabapentin and HZ166, respectively), but was only reached at doses which significantly reduced spontaneous locomotor activity (compare Fig. 6 ).
Motor coordination and locomotor activity
We used the rotarod test to assess possible drug-induced changes in motor performance (Fig. 6A ). Doses 160 mg/kg (HZ166) and 30 mg/kg (gabapentin) did not interfere with rotarod performance. The propensity of HZ166 and gabapentin to cause sedation was evaluated in individual automated circular enclosures (Fig. 6B) . At doses of 16 and 48 mg/kg, which already yielded maximum antihyperalgesic effects, HZ166 did not significantly impair motor activity. Significant reduction of activity was observed only at higher doses (100 and 160 mg/kg). In case of gabapentin a significant reduction in locomotor activity was found at doses ! 30 mg/kg.
Tolerance development
Long-term administration of BDZs is often associated with a progressive loss of therapeutic activity (tolerance development). Here, we investigated the liability of HZ166 to tolerance development (Fig. 7A ). Mice were chronically treated with HZ166 at a dose of 16 mg/kg once daily or with vehicle for 9-days starting from day 7 after CCI surgery. After 10 days of chronic drug or vehicle treatment, mechanical sensitivity was measured in both groups after administration of HZ166 to compare its analgesic activity in drug-naïve mice and in mice chronically exposed to HZ166. HZ166 exerted virtually the same analgesic activity in both groups. Measurements of mechanical sensitivity were also performed at day 3 and 5 during chronic treatment to monitor the antihyperalgesic activity of HZ166 over time. At neither one of these time points any signs of reduced antihyperalgesic activity were found (Fig. 7B) .
Discussion
Our previous studies in GABA A receptor point-mutated mice have shown that spinal a2and/or a3-GABA A receptors mediate most of the antihyperalgesic activity observed with spinally administered diazepam, while sedative a1-GABA A receptors did not contribute. After systemic treatment with diazepam, a strong antihyperalgesic action was retained in a1-GABA A receptor pointmutated mice suggesting that non-sedative (a1 sparing) BDZ-site agonists should exert pronounced antihyperalgesic effects (Knabl et al., 2009) . Such pharmacological data have hitherto largely been missing in mice, which precluded a comparison of genetic and pharmacological data within the same species. To address this issue, we have used here HZ166, a novel non-sedative BDZ-site partial agonist. As shown in this study, HZ166 rapidly penetrates into the CNS and possesses a sufficiently long half life to make it a suitable compound for behavioral testing in mice. The present data confirmed that the antihyperalgesic actions of HZ166 correlate well with its pharmacokinetic profile in the CNS.
As shown previously, HZ166 possesses the highest intrinsic activity at a3-and a2-GABA A receptors and less activity at a1 and a5 GABA A receptors (Rivas et al., 2009) . It needs to be added here that diazepam also possesses higher intrinsic activity at a3 and a2 than at a1 GABA A receptors. However, the selectivity coefficient (activity at a2 versus activity a1-GABA A receptors) is 1.87 for HZ166 and 1.47 for diazepam (calculated from the potentiation of GABA A receptor currents [at EC 3 of GABA] (Rivas et al., 2009) ). The present study shows in addition that HZ166 also exhibits significant differences in binding affinities to GABA A ax/b3/g2 receptors with a rank order of a5 > a3 > a2 > a1 Affinity to a2-GABA A receptors was about 40% higher than that to a1-GABA A receptors. This differential affinity at recombinant GABA A receptor subtypes most likely translates into the in vivo situation where HZ166 exhibited different binding affinities to brain and spinal cord membranes. The improved intrinsic activity profile together with the higher affinity at a2versus a1 GABA A receptors probably underlies the better separation of antihyperalgesia from sedation by HZ166. In fact, in a previous publication (Knabl et al., 2009) we have shown that diazepam-induced analgesia and sedation occurred with similar dose-dependencies, while with HZ166 estimated ED 50 values for antihyperalgesia (5.3 mg/kg) and sedation (97 mg/kg; compare Fig. 6 ) differed by a factor of almost 20. Furthermore, in the rotarod test we did not measure any significant impairment at doses up to 160 mg/kg, which was more than 10 times the dose yielding maximal antihyperalgesia.
Our behavioral experiments hence indeed demonstrate that HZ166 possesses pronounced activity against thermal and mechanical hyperalgesia in models of inflammatory and neuropathic pain at doses devoid of sedation or motor impairment. It is still not clear whether this improved side effect profile translates to humans. The clinical development of MRK409, another subtype-selective agent which was non-sedating in preclinical models, was stopped because of sedative effects in man. These findings may suggest that humans could be more susceptible to sedation than rodents . However, available evidence for HZ166 indicates that it does not cause sedation in primates at anxiolytic doses despite some retained activity at a1-GABA A receptors (Fischer et al., 2010) . Importantly, HZ166-induced antihyperalgesia was reversed by flumazenil, a competitive BDZ-site antagonist, indicating that these effects were specifically mediated by GABA A receptors. These data are in line with previous results obtained in rats by our group with L-838,417 (Knabl et al., 2008) or by others with NS11394 , which is another subtype-selective BDZ-site ligand . Together, they indicate that profound antihyperalgesia can be obtained in different rodent species with nonsedative BDZ-site ligands in various pain models.
Similar to what we and others have seen with intrathecal injections of diazepam in mice (Knabl et al., 2009) or with systemic administration of subtype-selective agents in rats (Knabl et al., 2008; Munro et al., 2008) , HZ166 did not change responses of non-inflamed or uninjured paws confirming that a facilitation of GABA A receptor-mediated inhibition at the spinal cord level produces antihyperalgesia rather than general analgesia.
In order to compare the antihyperalgesic efficacy of HZ166 to that of drugs already established in the treatment of neuropathic pain, we compared the effects of HZ166 with those of gabapentin, an anticonvulsant drug which is widely used in the treatment of different forms of neuropathic pain. Its clinical effectiveness has been described in a variety of pain syndromes, including painful diabetic neuropathy, postherpetic neuralgia and phantom limb pain (Jensen et al., 2009) . Gabapentin is generally well tolerated but sedation and dizziness are reported adverse effects. Here, we found that at non-sedative doses, the antihyperalgesic activities of gabapentin and HZ166 were similar. Nevertheless, the maximum possible antihyperalgesic effect of gabapentin was higher, but was reached only at doses, which significantly reduced spontaneous locomotor activity. Gabapentin also caused a significant impairment of motor performance in the rotarod test at a dose of 90 mg/kg, while HZ166 did not do so even at doses up to 160 mg/kg. Apart from sedation, major side effects of classical BDZs as well as of most centrally acting analgesics include tolerance development and addiction. We have previously reported that analgesic effect of L-838,417 did not decline during repeated administration (once per day for nine days), while complete tolerance developed during the same time period against morphine-induced analgesia (Knabl et al., 2008) . Here, we found again no loss of antihyperalgesic activity of HZ166 during a 9-day treatment period in neuropathic mice. Although the lack of tolerance development likely results from reduced activity at a1-GABA A receptors (Mirza and Nielsen, 2006) , pharmacokinetic properties (time of exposure of the receptors to the drug) and a generally lower intrinsic activity (as compared to diazepam) may also contribute (Licata and Rowlett, 2008) .
We did not test for potential addictive properties of HZ166, but available pharmacological evidence again suggests that a1 sparing agonists should be devoid of addictive properties (Ator et al., 2010) .
A critical role of a1-GABA A receptors in re-enforcing properties of BDZs has also been demonstrated in a recent neurobiological study (Tan et al., 2010) , which used mice carrying point-mutated (diazepam-insensitive) GABA A receptor subunits.
In summary, our findings suggest that future subtype-selective (a1 sparing) BDZs may constitute a novel approach to the treatment of chronic pain. Drug companies have already tried to identify and develop a1 sparing compounds in the sake for novel non-sedative anxiolytics (Atack, 2005) . This strategy has yielded only rather limited success so far, partly because most known subtype-selective BDZ-site agonists differ primarily in their intrinsic activity at GABA A receptor subtypes while traditional drug screening relied on differences in affinity. The recent advent of novel technologies in electrophysiology which allow high throughput screening of agents acting on ion channels (Dunlop et al., 2008) should significantly facilitate the identification of such compounds.
